Recent epidemiological and clinical data show protection from CVD (cardiovascular disease), all-cause mortality and cancer in subjects with GS (Gilbert's syndrome), which is characterized by a mildly elevated blood bilirubin concentration. The established antioxidant effect of bilirubin, however, contributes only in part to this protection. Therefore we investigated whether mildly elevated circulating UCB (unconjugated bilirubin) is associated with altered lipid metabolism. The study was performed on GS and age-and gender-matched healthy subjects (n = 59 per group). Full lipoprotein profile, TAG (triacylglycerols), Apo (apolipoprotein)-A1, Apo-B, lipoprotein(a), the subfractions of LDL (low-density lipoprotein) and selected pro-inflammatory mediators were analysed. A hyperbilirubinaemic rodent model (Gunn rats, n = 40) was investigated to further support the presented human data. GS subjects had significantly (P < 0.05) improved lipid profile with reduced total cholesterol, LDL-C (LDL-cholesterol), TAG, low-and pro-atherogenic LDL subfractions (LDL-1 + LDL-2), Apo-B, Apo-B/Apo-A1 ratio and lower IL-6 (interleukin 6) and SAA (serum amyloid A) concentrations (P = 0.094). When the control and GS groups were subdivided into younger and older cohorts, older GS subjects demonstrated reduced lipid variables (total cholesterol and LDL-C, TAG and LDL-C subfractions, Apo-B/Apo-A1 ratio; P < 0.05; Apo-B: P < 0.1) compared with controls. These data were supported by lipid analyses in the rodent model showing that Gunn rat serum had lower total cholesterol (2.29 + − 0.38 compared with 1.27 + − 0.72 mM; P < 0.001) and TAG (1.66 + − 0.67 compared with 0.99 + − 0.52 mM; P < 0.001) concentrations compared with controls. These findings indicate that the altered lipid profile and the reduced pro-inflammatory status in hyperbilirubinaemic subjects, particularly in the older individuals, probably contribute additionally to the commonly accepted beneficial antioxidant effects of bilirubin in humans.
INTRODUCTION
Strong epidemiological evidence indicates that circulating blood bilirubin protects from NCDs (non-communicable diseases) such as CVD (cardiovascular disease) [1] and cancer [2, 3] . Furthermore, all-cause mortality in the general population [4] and in chronic haemodialysis patients [5] is negatively associated with plasma bilirubin levels. GS (Gilbert's syndrome) is a benign condition characterized by moderately elevated UCB (unconjugated Abbreviations: ALP , alkaline phosphatase; ALT, alanine aminotransferase; Apo, apolipoprotein; AST, aspartate aminotransferase; BMI, body mass index; CRP , C-reactive protein; CVD, cardiovascular disease; γ -GT, γ -glutamyl transferase; GS, Gilbert's syndrome; HDL, high-density lipoprotein; HDL-C,HDL-cholesterol; IDL, intermediate-density lipoprotein; IL, interleukin; LDH, lactate dehydrogenase; LDL, low-density lipoprotein, LDL-C, LDL-cholesterol; NCD, non-communicable disease; SAA, serum amyloid A; TAG, triacylglycerol(s); UCB, unconjugated bilirubin; UGT, uridine diphosphate glucuronosyltransferase; UGT1A1, uridine diphosphate glucuronosyltransferase 1 family, polypeptide A1; VLDL, very-low-density lipoprotein.
Correspondence: Professor Karl-Heinz Wagner (email karl-heinz.wagner@univie.ac.at). bilirubin) levels ( 17.1 μM) because of additional TA repeats in the gene promoter for bilirubin UGT (uridine diphosphate glucuronosyltransferase 1 family, polypeptide A1). Bilirubin conjugation and excretion into the bile is decreased thereby increasing the circulating UCB concentration. This polymorphism affects approximately 3-13 % of the general population [6, 7] .
Thus far, a full explanation for the protective effects of bilirubin in large epidemiological studies is lacking and is mainly based on bilirubin's in vitro antioxidant capacity [8] . Investigations in GS subjects, and experiments utilizing the rat model of hyperbilirubinaemia (Gunn rat), show protection from ex vivo [9, 10] and in vivo [11] oxidation, coronary atherosclerosis [12] , protection from thiol and protein oxidation [13] as well as anti-inflammatory [14] or anti-proliferative properties [15, 16] of bilirubin.
However, evidence from an earlier meta-analysis indicates that circulating bilirubin alone could not account for all of the cardiovascular protection seen in hyperbilirubinaemic subjects [1] . These observations suggest other variables are interacting with serum bilirubin, resulting in cardiovascular protection. When exploring possible variables, lipid metabolism must be considered since it possesses great relevance to CVD protection. Very limited, but remarkable recent data support this link showing an impact of bilirubin on susceptibility of sd-LDL (small dense LDL) and circulating lipids to oxidation in individuals with GS [8, 17] . Lower concentrations of the VLDL (very-low-density lipoprotein), IDL (intermediate-density lipoprotein) and LDL sub-fractions, in addition to reduced TAG (triacylglycerol) concentrations [18] and reduced total serum cholesterol [13] in GS subjects are reported. Particularly, the focused study of LDL subfractions is important because they can predict atherogenic risk of individuals better than LDL-C (LDL-cholesterol) [19] . Further evidence of the influence of bilirubin on lipid metabolism is shown in the Gunn rat model (equivalent to human Crigler-Najjar syndrome), where hepatic bilirubin glucuronidation is minimal resulting in high unconjugated hyperbilirubinaemia [10, 20] .
For other lipid-related biomarkers such as Apo (apolipoprotein)-A1, Apo-B, lipoprotein (a) and pro-inflammatory cytokines, reports in GS are lacking. The Apo-B/Apo-A1 ratio is an independent predictor of the vascular disease risk [21] and metabolic syndrome. IL-6 (interleukin 6), a pro-inflammatory cytokine, induces the hepatic synthesis of pro-inflammatory CRP (C-reactive protein), which is a known independent risk factor for CVD and Type 2 diabetes [22] [23] . A novel pro-inflammatory lipolytic adipokine, expressed in human adipocytes is SAA (serum amyloid A). SAA is an acute-phase protein that is increased in obese subjects [24] and correlates with the presence of CVD [25] .
Descriptive studies investigating GS, lack either a specific focus on lipid metabolism and inflammation and/or an appropriate number/matching of subjects. Therefore we investigated well-accepted biomarkers of lipid metabolism and adiposity and also novel lipid-associated CVD risk markers including 12 lipoprotein subfractions in a larger cohort of individuals with mildly increased UCB levels and compared them with age-and gendermatched controls. These human data are strongly supported by additional results from the hyperbilirubinaemic Gunn rat model.
MATERIALS AND METHODS

Subject recruitment
A total of 118 healthy subjects were recruited from the general Austrian population and met the inclusion criteria of normal liver function, absence of any underlying disease and an age range between 20 and 80 years. Reticulocytes, γ -GT (γ -glutamyl transferase), ALT (alanine transferase), AST (aspartate aminotransferase), LDH (lactate dehydrogenase), ALP (alkaline phosphatase), haemoglobin and haematocrit were measured at an initial screening examination. Subjects with liver, heart or kidney disease, haemolysis, diabetes, cholelithiasis, organ transplants, history of CVD, cancer, smoking (>1 cigarettes /day), alcohol consumption (>7 standard drinks/week), excessive physical activity (>10 h/week) and vitamin supplementation (4 weeks before the first blood sampling) or other prescribed medication (other than the contraceptive pill) were excluded. Allocation to the GS group was based on a fasting serum UCB concentration of 17.1 μM measured by HPLC (see below). Subjects were ageand gender-(38 men and 21 women) matched in each group (total 118 subjects). Written informed consent was obtained from each patient, and the study was approved by the ethical committee of the Medical University of Vienna and the General Hospital of Vienna (#274/2010) and was performed according to the Declaration of Helsinki.
Sample preparation
An overnight fasting blood sample was collected into lithium heparin and serum vacutainers. Samples were stored on ice in the dark until further analysis. Blood collection tubes were centrifuged (15 min at 1350 g at 4
• C) and serum or plasma was divided into aliquots, used fresh or stored at − 80
• C for further analysis. Erythrocytes from lithium heparin Vacutainers were washed three times with isotonic phosphate buffer, divided into aliquots and stored at − 80
• C.
Animal experiments
Hyperbilirubinaemic Gunn rats [homozygous for a mutation in UGT1A1 (uridine diphosphate glucuronosyltransferase 1 family), jj] and respective controls (normobilirubinaemic Gunn rats, heterozygous for a mutation in UGT1A1, jJ) from the same genetic background were obtained from Charles University in Prague (Prague, Czech Republic) and acclimatized in the breeding facility of the Medical University of Vienna (Himberg, Austria) 1 week prior to experiments. The animals were housed in plastic cages (Macrolon type IV; Techniplast), under standard conditions (24 + − 1 • C, humidity 50 + − 5 • C, 12 h light/dark cycle) and fed with a standard diet (ssniff R/M-H Extrudat; ssniff Spezialdiäten) and ad libitum access to fresh water. All experiments were carried out with 7-8-week-old rodents (18 males and 22 females; a total number of 40 rodents). The study was approved by the ethical committee of the Austrian Federal Ministry of Science and Research (BMF-66.006/0008-II/3b/2011).
Sample preparation
Animals were killed by decapitation. Blood was collected into sodium-heparinized tubes (Ebewe) and immediately transferred into ficoll containing tubes (Greiner Bio-One) for PBMC (peripheral blood mononuclear cell) isolation. Plasma was obtained after centrifugation, then divided into aliquots and stored at − 80
• C until further analysis.
Blood biochemistry
Liver function enzymes (γ -GT, AST, ALT, LDH and ALP), Apo-A1, Apo-B and lipoprotein(a), serum TAG (triacylglycerols), total cholesterol and HDL-C [HDL (highdensity lipoprotein)-cholesterol] were analysed using routine diagnostic tests on Olympus 5400 clinical chemistry analysers (Beckman Coulter) and measured on the day of blood sampling. The quantitative analysis of lipoprotein families and the lipoprotein subfractions, VLDL, IDL1-3, LDL1, LDL2, LDL3-7, HDL the low-atherogenic lipoprotein profile (IDL3 and LDL1) and the pro-atherogenic lipoprotein profile (VLDL, IDL1-2 and LDL2-7) in serum from a subsample of 36 age-and gender-matched samples, was performed by the Lipoprint LDL system (Quantimetrix) [26] . In the same subsample, IL-6 (high-sensitive ELISA; eBioscience) and SAA (N Latex SAA ® ; DADE Behring) were determined.
Anthropometric measurements
All anthropometric measurements were obtained from participants who were lightly dressed without wearing shoes. Body height (m) was measured with a stadiometer (Seca, Modell 214) and body mass (kg) using standard analogue scales (Seca Selecta 791). BMI (body mass index) was calculated as kg/m 2 .
Statistical analysis
All statistical analyses were conducted using SPSS (IBM statistics, Version 17.0). Normal distribution within the data set was tested by the Kolmogorov-Smirnoff test (KS). Therefore some variables were log 10 -(e.g. UCB) transformed and an inverse transformation (1/x) for age was conducted. To determine differences between two groups, an independent sample Student's t test (parametric data) or Mann-Whitney U test (non-parametric data) was conducted. Depending on the homogeneity of variance and normality of data within groups, one-way ANOVA (parametric data) or Kruskal-Wallis H test (non-parametric data) was used for multiple group comparisons. Student-Newman-Keuls post-hoc tests were performed after one-way ANOVA to determine group differences. Pearson coefficient (parametric data) or Spearman rho correlation (non-parametric data) tested the bivariate relationships between the independent and dependent variables. Forward stepwise regression analysis was used to predict the effect of multiple-independent variables on lipid variables. Data are expressed as means + − S.D., and a P value <0.05 was considered significant.
RESULTS
General subject characteristics
UCB concentrations were significantly higher in GS subjects (P < 0.001) as compared with controls. No differences in liver enzyme activities existed between the groups. After age and gender matching, GS subjects showed a trend towards lower BMI than the respective controls (P = 0.075).
Human and animal lipid data
Whole group comparisons indicated that GS subjects exhibited reduced total cholesterol, TAG and LDL-C concentrations compared with controls (P < 0.05; Table 1 ). LDL subfractions were significantly (LDL-1 and LDL-2; P < 0.05) or tended (LDL-3) to be lower in GS (Table 1 ). The total scores of pro-atherogenic markers (sum of VLDL, IDL-1, IDL-2 and LDL2-7) were not significantly lower in GS; however, the low-atherogenic parameters (IDL-3 + LDL-1) were significantly reduced in GS compared with controls (P < 0.05) ( Table 1) . Significantly reduced Apo-B and the Apo-B/Apo-A1 ratio (P < 0.05) ( Table 1) in GS was also demonstrated. Lipid status in Gunn rats and littermate controls strongly supported the different lipid biochemistry data in GS subjects. Hyperbilirubinaemic rodents had significantly reduced total cholesterol, TAG and HDL-C concentrations (P < 0.05). Hyperbilirubinaemia and hypocholesterolaemia in Gunn rats were associated with significantly reduced body mass in female rats only (P < 0.001; Table 2 ).
When analysing the entire cohort significant negative correlations between UCB and BMI (r = − 0.211, P < 0.05), total cholesterol (r = − 0.245, P < 0.01), LDL-C (r = − 0.243, P < 0.01), TAG (r = − 0.248, P < 0.01), LDL-1 (r = − 0.247, P < 0.05), LDL-2 (r = − 0.272, P < 0.05) and the lowatherogenic subfractions (r = − 0.276, P < 0.05) were found. These data were corroborated by analyses of Gunn rat sera. In female Gunn rats, strong negative correlations between serum UCB and total cholesterol (r = − 0.882, P < 0.001), TAG (r = − 0.502, P < 0.05) and HDL-C (r = − 0.919, P < 0.001) existed. In male Gunn rats, UCB was negatively correlated with TAG (r = − 0.649, P < 0.05).
Forward stepwise regression analysis revealed that bilirubin explained 21 % of the variance in LDL-C, 15 % of total cholesterol, 4.5 % of LDL-1 and 4 % of LDL-C in GS subjects. However, bilirubin explained 44.6 % of the variance in total cholesterol, 42.4 % of HDL-C and 28.3 % of TAG in rodents.
Since lipid parameters, as risk factors for CVD, rise with age, more specific analyses were conducted by dividing the human cohort into two age subgroups (age group 1: <30 years; age group 2: 30 years with a range from 30 to 72 years) as shown in Table 3 .
For almost all lipid parameters the older controls showed either higher values than older GS subjects (i.e. significantly greater for total cholesterol, TAG, LDL-C, LDL-1, the low-atherogenic subfraction and the Apo-B/Apo-A1 ratio, P < 0.05; Table 3 ) or tended to be greater for VLDL-C and Apo-B. The older control group had significantly higher total cholesterol, TAG, LDL-C, LDL-subfractions (except LDL-3), Apo-B and the Apo-B/Apo-A1 ratio than the younger control group (P < 0.05). Interestingly, this age-related increase in these parameters was not observed between the younger and the older GS group. In order to determine whether GS individuals were protected from age-related dyslipidaemia, the age-associated increase in total cholesterol, LDL-C, TAG and HDL-C concentrations in addition to BMI were plotted against age in both groups (see Supplementary Figure S1 at http://www.clinsci.org/cs/125/cs1250257add.htm). These data indicate that significant age-dependent increases in these variables existed in both groups. However, the relationship between age and lipid variables remained offset, below the relationship in controls. Furthermore, despite remaining significant in both groups, the age-associated increase in BMI remained clearly lower in GS subjects (r 2 = 0.29, P < 0.05), compared with controls (r 2 = 0.44, P < 0.01). Pro-inflammatory parameters GS subjects also experienced significantly (P < 0.05) reduced concentrations of the pro-inflammatory cytokine IL-6 compared with controls. A similar trend was shown for SAA (P = 0.094; Table 1 ). When considering age (threshold 30 years; Table 3 ) the older control group had the highest SAA, CRP and IL-6 concentrations when compared with the other age-subgroups (older/younger GS subjects and the younger control group; P < 0.05).
DISCUSSION
The results of the present study provide three lines of evidence to suggest protection from age-related dyslipidaemia/inflammation in GS. First, BMI, total cholesterol, TAG, LDL-C, LDL subfractions, Apo-B, the Apo-B/Apo-A1 ratio, SAA and IL-6 were significantly lower in aged GS compared with matched controls (Table 3) . Secondly, the significant age-associated increase in total cholesterol, TAG, LDL-C, LDL sub-fractions, pro-and lowatherogenic lipid scores, Apo-B, SAA, IL-6 and CRP occurred in controls but not in GS (Table 3) . Finally, the highly significant differences in lipid profile are presented in both male and female hyperbilirubinaemic Gunn rats (Table 2) , providing a clear mechanistic link between bilirubin/UGT1A1 function and perturbation of lipid status. Together, these data provide the translational evidence that bilirubin or its metabolism modulates lipid metabolism in humans, which could contribute to reduced CVD risk in GS.
BMI
The GS and control groups in this study were matched for age and gender. Matched GS subjects tended to possess lower BMI, which can mainly be explained by the significant differences between the older subgroups ( 30 years; Table 3 and Supplementary Figure S1 ). In general, the BMI was in the range of the Austrian population [27] . The older GS group did not differ significantly from the younger GS group in BMI; however, the older control group had a significantly higher BMI than the older GS subgroup and could be defined as being overweight (>25 kg/m 2 ), whereas the older GS subgroup was, by definition, normal (<25 kg/m 2 ). This observation is supported by other large epidemiological observations showing lower BMI in hyperbilirubinaemic subjects ( [4, 28] ; see [30] for review). Interestingly, in Gunn rats, a difference in body mass was only found in female rats, which is supported by recent studies in a smaller group of aged female Gunn rats [13] and cross-sectional clinical studies [29] as recently reviewed [30] . A recent short-term weight loss study was effective in significantly increasing bilirubin levels back to the normal reference range. In this study, a linear relationship was observed between increase in total bilirubin concentrations and amount of weight loss [31] . These observations indicate that bilirubin is linked to weight or weight loss and that GS subjects have a lower BMI which, particularly at a greater age, could significantly contribute to prevention of CVD. A low BMI is an independent protector against NCDs, since overweight and obesity is correlated to higher mortality from NCDs [32] .
Lipid metabolism
Focused reports on the relationship between elevated bilirubin, the metabolic state of GS and lipid data have not been published in the literature thus far, although scattered findings have been presented, particularly recently. For example, reduced circulating total cholesterol [17] , LDL-C [18] , TAG [33] and elevated HDL/LDL ratio [9] have been documented in GS, although findings are not always consistent between published studies [34] , because of differences in the subject matching and cohort characteristics [30] .
The results of the present study demonstrate that many proatherogenic risk markers of lipid metabolism are significantly reduced in GS subjects (Table 1 ). These observations were more pronounced in Gunn rats, which also showed significantly lower HDL-C (Table 2 ). An interesting observation was the specific effect in female Gunn rats, which were also lighter than littermate controls. This effect is comparable with a recently published study of homozygote animals reporting total cholesterol values one-third of heterozygote and wild-type animals [10] . These data could reflect a dose response of circulating bilirubin on lipid metabolism that is species independent. Mechanistically, altered lipid metabolism could reflect a role for either UGT1A1 or unconjugated bilirubin in modifying lipid metabolism and cholesterol excretion [30] . This observation probably explains the reduction in body mass in littermate-matched homozygote animals for which, until now no explanation has been found. The pronounced effect of the Gunn phenotype in female animals could suggest an additional role for oestrogen in enhancing the bilirubin or UGT1A1 effect. This could be mediated by competition of oestrogen and bilirubin for glucuronidation [35] by UGT1A1, which would also explain the slightly elevated bilirubin levels compared with male Gunn rats ( Table 2 ). In humans there were no significantly stronger effects in women compared with men (results not shown).
The greater reduction in HDL (compared with LDL) in the Gunn rats is reflected by a greater contribution of HDL to total cholesterol in rats and suggests underlying perturbation of cholesterol metabolism/excretion/absorption within dysfunctional UGT1A1 syndromes (human and animals) as reported [11] and recently comprehensively reviewed [30] . One limitation is the higher UCB concentration in Gunn rats compared with GS; however, the general effect on lipid metabolism (hypocholesterolaemia) was similar to humans and other adult hyperbilirubinaemic animal models are not available. Evidence for the impact of bilirubin metabolism on lipoprotein assembly is described by an effect on LDL subfraction concentrations. Small dense LDL particles appear to confer a higher level of CVD risk than the larger less dense LDL particles and to be more susceptible to oxidative modification [36] . We used a new, recently published electrophoretic method, which enables the analysis of up to 12 lipoprotein subfractions [18] . Atherogenic lipoprotein profile is characterized by the presence of VLDL, IDL and the presence of small dense LDL lipoproteins. The sum of pro-atherogenic subfractions that consist of VLDL, IDL1-2 and LDL2-7 was not significantly lower in GS (Table 1) . Closer evaluation of the data reveals a significant increase in pro-atherogenic subfraction values in older controls (18.4 % higher than that of the young control group), which did not increase significantly in older GS subjects (compared with younger GS subjects; Table 3 ). Interestingly, this finding emphasizes the protection from age-related dyslipidaemia in GS. The concentrations of the low-atherogenic fractions in the young groups compared with the older GS group were similar; but, however, were significantly reduced compared with the older control group (P < 0.05; Table 3 ).
Further support of the protective effects of GS on age-related dyslipidaemia was revealed on correlational analysis. In control and GS subjects total cholesterol, LDL-C and TAG increased in an age-dependent manner; however, the relationship in GS subjects remained consistently offset below that of controls 
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Apo-A1 (mg/dl) 141 (19) 139 (19) 150 (20) 145 (17) n.s. ( Figure S1 ). Indeed, when observing the absolute total cholesterol and LDL-C concentrations in aged GS and controls, aged controls were hypercholesterolaemic ( 5.92 mM total cholesterol; 3.68 LDL-C), as defined by the American Heart Association [37] , however, age-matched GS subjects were not.
Generally, these results are in agreement with a recently published study, showing decreased small dense lipoprotein fractions in GS [18] . However, this study investigated only men and did not age match the subjects. Regardless, these data and those of Ocadlik et al. [18] support the impact of bilirubin metabolism on TAG and VLDL synthesis, potentially by down-regulating their synthesis/assembly.
Further biomarkers to describe the CVD risk include the structural proteins of lipoproteins. Apo-1 and -2 are the major structural proteins of HDL particles, whereas Apo-B is a major protein of every other lipoprotein particle but HDL. The Apo-B/Apo-A1 ratio is considered as one of the strongest plasma lipid-associated predictors of CVD risk [38] , which indicates the balance between potentially atherogenic and anti-atherogenic particles [39] . GS subjects showed similar Apo-A1 and Apo-B concentrations to control subjects (Table 1) . Similar to the above-mentioned observations, the older GS subjects were not significantly different to the younger cohorts in their Apo-B values, whereas the older control group showed significantly higher Apo-B than the younger subjects (P < 0.05). These data indicate protection from the age-related increase in plasma Apo-B concentration in GS. The Apo-B/Apo-A1 ratio was also lower in GS subjects (P < 0.05 compared with control group), and was shown to be highest in the older control group with a mean of 0.69 + − 0.15 compared with 0.61 + − 0.21 in the older GS group. This shows that the older control cohort was almost classified as being at medium risk of myocardial infarction, the criterion for which is determined by a ratio of 0.7 or higher [40] , but the older GS subgroup was clearly at a lower risk level.
Pro-inflammatory markers
SAA is a pro-inflammatory adipokine in humans linked to obesity and is a predictor of CVD [24, 41] . Adipose tissue is inflamed in obese individuals with increased secretion of proinflammatory and decreased expression of anti-inflammatory adipokines [24, 25] . We report a trend towards reduced SAA levels in GS subjects (Table 1) , which was significantly lower in the older GS compared with control subjects (Table 3 ). The same effect was evident for IL-6, with the older GS group having lower plasma levels than the older control group (Table 3) . CRP showed a similar trend, but due to considerable variation, the results failed to show significance.
These data show that in older subjects that are traditionally assumed to possess a higher risk of CVD, GS individuals have lower levels of pro-inflammatory cytokines and do not experience the age-related induction of dyslipidaemia and inflammation. Elevated bilirubin has previously been associated with low CRP levels [42] , which is a widely used diagnostic criterion to assess the inflammation status. However, this is the first study to report lower IL-6 concentrations in GS, which induces hepatic liberation of CRP into the circulation. Lower levels of CRP and also IL-6 are related to a lower risk of CVD [22] and diabetes [23] and further emphasize the importance of these biomarkers in contributing to cardiovascular protection in individuals with mildly elevated unconjugated bilirubin levels.
Conclusions
The results of the present study show that elevated circulating bilirubin, particularly the benign condition of GS, is associated with reduced concentrations of lipid and inflammation biomarkers and a trend to decreased BMI. Furthermore, it is shown that older subjects, who are generally at greater disease risk, are likely to benefit more from a mild congenital hyperbilirubinaemia. These data are strongly supported by serum lipid analysis in Gunn rats, with more pronounced effects in the female animals. The observations of the present study could contribute significantly to revealing a new mechanistic explanation for the previously reported protective effects of hyperbilirubinaemia against NCDs in many published epidemiological studies. Such efforts could assist in developing novel strategies to mildly increase circulating bilirubin concentrations for protection against NCDs.
CLINICAL PERSPECTIVES
r Epidemiological evidence indicates that circulating blood bilirubin is strongly associated with protection from chronic disease; however, a mechanistic explanation for this protection remains unknown.
r The results in the present study reveal a novel link between bilirubin and lipid metabolism, which is clearly perturbed in individuals with GS and the hyperbilirubinaemic Gunn rat. A clear trend towards prevention of the age-related increase in lipid biomarkers and inflammation in GS individuals has revealed an important clinical observation in hyperbilirubinaemic individuals.
r This finding significantly contributes to a topic that has so far been neglected in clinical research and practice and suggests a new direction of discussing the disease prevention using a novel approach of studying persons with a benign condition that affects millions of people worldwide.
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